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Influence of Coronary Heart Disease on Morbidity and Mortality After
Carotid Endarterectomy : A Population-Based Study in Olmsted
County, Minnesota (1970-1988)
CHARANJIT S . RIHAL, MD, BERNARD J . (JERSH, MB, CHB, DPHIL, FACC,
JACK P. WHISNANT, MD, THOM W . ROOKE, MD, THORALF M
. SUNDT, JR ., MD,
W, MICHAEL O'FALLON, PHD, DAVID J. BALLARD, MD, PHD*
Rochester, Minnesota nod Chnrlatre .cwllr, Virginia
To evaluate the prognostic importance of coronary artery disease
among patients undergoing carotid endarterectomy, 177 residents
of Olmsted County, Minnesota who underwent carotid endarter-
eMomy during the period 1970 through 1988 were followed up to
July 1, 1989 . Patients were stratified as to the presence (n = 64) or
absence in = 93) of overt coronary artery disease or prior
myocardial revascularieation (n = 20) at the time of endarteree .
tomy.
At 30 days after carotid endarlerectomy, there were no
significant differences between patients with or without coronary
artery disease in the occurrence of death, myocardial infarction or
stroke. Kaplan-Meier estimate of 8-year relative survival after
carotid endarterectomy, (assessed as a percent of survival in age .
and gender-matched control subjects) was 89% in those without
and 75% in those with overt coronary artery disease . Of the 59
total deaths, 29 (49%) had a cardiac cause and 4 (7%) were due to
Arteriosclerosis obliterans is a systemic disease, and multi-
ple arterial beds are often simultaneously affected by dis-
ease. Clinical outcome after treatment for any vascular
disease may be affected by comorbidity from atherosclerotic
disease in distant sites (1,2) . Thus, coronary artery disease,
is now recognized as the leading cause of death in patients
with asymptomatic 13-8) and symptomatic (9,10) carotid
artery disease, abdominal aortic aneurysm (11-13) and lower
limb revascularization (14,15) .
The importance of comorbidity from coronary artery
disease is highlighted in the selection of patients for carotid
endarterectomy, a procedure that was performed to prevent
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stroke (p < 0.0001). The cumulative incidence of a cardiac event
at 8 years after carotid endarterectomy was greater in those with
than in those without overt coronary artery disease 161 % vs . 25%,
p < 0 .0001). In multivariable analysis, uncorrected coronary
artery disease and diabetes were the only independent predictors
of subsequent cardiac events, whereas age was the only indepen-
dent predictor of death .
These population-based date suggest that carotid endarterne .
tomy can be safely undertaken in patients with stable coronary
artery disease
. In long-term follow-up of these patients, coronary
rather than cerebral vascular disease is the most frequent cause of
morbidity and mortality . Thus, these data lend strong support to
the concept of early identification and management of coronary
artery disease in patients undergoing carotid endarlerectomy .
(J Am Coll Cardiol 1992;19 :1254-60)
stroke in >80,000 patients in the U .S. in 1986 (16). Recom-
mendations on patient selection for this procedure have
emphasized the delicate balance between its risks and ben-
efits (17-20). As with any prophylactic therapy for a gener-
ally nonlethal condition, patient survival time after carotid
endarlerectomy must be sufficiently long to yield the poten-
tial benefit of the therapy. Thus, the presence of serious
comorbid medical conditions that might limit patient survival
time would lesser, the likelihood of such benefit (20) . For this
reason, coronary artery disease may exert a significant
impact on early and late outcome after carotid endarterec-
tomy .
To investigate these issues, we performed a population-
based retrospective cohort analysis of all Olmsted County
residents undergoing carotid endarterectomy between 1970
and 1988 with special emphasis on the role of coronary
artery disease as a determinant of long-term morbidity and
mortality. The resources of the Olmsted County data base
and the Rochester Epidemiology Project afford a unique
opportunity to examine these complex issues in a geograph-
ically defined population with access to consistent medical
and surgical care of high quality
.
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Methods
Source of data, Olmsted County . Mtnre,ota provides a
valuable data base for large scale population-bused investi-
gations of cardiovascular disease . Virtually all members of
the community obtain their medical care at the Mayo Clinic .
Olmsted Medical Group or Olmsted Community Hospital .
Carotid artery surgery in this community is performed
exclusively at the Mayo Clinic . A medical record diagnostic
indexing system provides access to details of all patient
encounters, both inpatient and outpatient . and has supported
numerous studies of cardiovascular and other diseases
(21,ZZ) . This study was reviewed and approved by the Mayo
Institutional Review Board on January 3 . t990.
Carotid endarterectomy cohort . All 180 Olmsted County
residents who underwent an initial carotid endarterectomy
between the years 1970 and 1988, inclusive . were identified .
One patient undergoing carotid reconstruction for a condi-
tion other than atherosclerosis (fibromuscular dysplasia) was
excluded. Two patients who underwent emergency carotid
endarterectomy for acute, total carotid artery occlusion
were also excluded. Thus, a cohort of 177 Olmsted County
residents undergoing an initial elective carotid endarterec-
tomy during the study period was identified .
Data collection, Data abstracted from the entire commu-
nity medical records (Mayo Clinic . Olmsted Medical Group
and Olmsted Community Hospital) for these patients in-
cluded general demographic information. risk factors for
atherosclerotic disease, neurologic status and indication for
surgery . Historical data regarding cardiac disease, including
the results of noninvasive tests when available- were re-
corded. End points referable to neurologic or cardiac events .
vital status and the cause
of death were recorded. Clinical
definitions identical to those utilized in several previous
epidemiologic studies of Olmsted County residents were
employed (9,23-25) .
Follow-up. One hundred percent follow-up through July
I, 1989 for death, cardiac events and neurologic events was
achieved through scrutiny of the entire community medical
record information for each patient, supplemented by postal
and telephone follow-up when necessary .
Statistical analysis. For the purposes of this analysis,
patients were classified by the absence (group 1) or presence
(group 2) of overt coronary artery disease . Overt coronary
artery disease was defined as a history of angina pectoris, a
positive noninvasive functional test result or myocardial
infarction documented by serum enzyme analysis or electro-
cardiography
. The 20 patients who had undergone coronary
artery bypass surgery or angioplasty before carotid endar-
terectomy were considered separately (group 3) and were
excluded from intergroup statistical comparisons because of
the relatively small group size .
The Kaplan-Meier product limit method 126) was used to
estimate the probability of surviving or surviving free of a
cardiac event after carotid endarterectomy as a function of
time . Expected survival rates for the age- and gender-
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matched 1980 Minnesota white population were used for
comparison. Significant cardiac events were defined as car-
diac death
. myocardial infarction, coronary artery bypass
surgery or angioplasty, pulmonary edema or ventricular
arrhythmias requiring therapy
. Multivariable analysis utiliz-
ing the Cox proportional hazards model (27 .28) was per-
formed to evaluate predictors of death and cardiac events
after carotid endarterectomy. Kaplan-Meier life-table analy-
.s was also used to estimate the cumula ve incidence of
stroke after carotid endarterectomy. The expected probabil-
ity of surviving free of stroke was based on age- and
gender-specific stroke incidence rates for residents of this
community (29).
Results
Baseline characteristics. Of the 177 Olmsted County res-
idents who formed the study cohort . 93 had no evidence of
coronary artery disease at the lime of carotid endarterec-
tomy (group 1)
. 64 had evidence of overt . nonrevascularized
coronary artery disease (group 2) and 20 had had prior
coronary revascularization (group 3) . Because of the small
size of group 3 . specific intergroup comparisons were re-
stricted to groups I and 2. No patient had unstable angina or
myocardial infarction in the 6 months before carotid endar-
terectomy . There wera no statistically significant intergroup
differences with respect to surgical indications .
Fifty-nine percent of carotid endarterectomies were per-
formed for transient ischemic attacks of the cerebral circu-
lation, 14% for a severe asymptomatic carotid artery steno-
sis. 22% after a completed stroke in a patient with high risk
anatomy on cerebral angiography and 5% for progressive
neurologic deficits. Median age was 67 years ; the majority of
patients were male (67%) and had a history of smoking
(73%) . The median serum cholesterol level was 243 mg/dl .
There were significantly greater proportions of patients with
diabetes (23% vs. 11%, p = 0 .03) and hypertension (67% vs .
43%. p
-
0 .003) in group 2 (overt coronary artery disease) .
Perioperative morbidity and mortality. Thirty-day com-
plication rates after carotid endarterectomy are displayed in
Table 1 . The overall case fatality rate was 2% (one death
from stroke, one from pulmonary embolism and one from
aspiration pneumonia) . There were no statistically signifi-
cant differences between groups I and 2 with respect to
individual neurologic or cardiac event rates at 30 days
. No
perioperative myocardial infarction or death occurred in the
20 patients with previous myocardial revascularizatien . Al-
though the probability
of
having any perioperative compli-
cation was higher among group 2 than among group I
patients (14% vs . 8%), the difference was not statistically
significant (p = 0.18) .
Long-term survival. At the end of the follow-up period,
59 patients (33%) in the study cohort had died . Amo~;g the
118 patients alive at last follow-up, the median follow-up
time was 5 years and 15 patients were still underobs .rvation
at 10 years . The overall Kaplan-Meier estimate
of probabil-
1 256
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Table 1 . Perioperative (30-day) Morbidity and Mortality Rates
Among Olmsted County Residents Who Underwent Carotid
Endarterectomy for Atherosclerotic Disease During the Period
'Stroke (n = 11. pulmonary embolism in = 1) . aspiration pneumonia In =
It . CABG = coronary artery bypass graft surgery : Group I = absence of
clinically recognised coronary artery disease at the time of carotid ends-I,,.
ectomy . Group 2 = overt coronary anerv disease at the time of carotid
endarterectomy and Group 3 = patients with coronary bypass graft surgery or
angioplasty before carotid endanerecmmv
: PTCA = percutanenua translum
.
met comrsey argioplasry .
ity of survival at 8 years was 58% . a significantly poorer rate
than the expected 74% survival rate (with reference to the
age- and gender-adjusted 1980 Minnesota white population,
p < 0
.0001 (Fig . 1) . Twenty-nine deaths (49%) had a cardiac
cause. whereas 4 (7%) were due to stroke (p < 0
.0001) .
For group I patients, the estimated B-year survival rate
was 66% (expected rate 75
61, p = 0.014). whereas only 53%
of group 2 patients survived 8 years (expected rate 70%0, p =
0.0003) (Fig . 2) . A trend was noted toward a poorer
8-year relative survival rate (assessed as a percent of age-
and gender-adjusted survival) for group 2 patients (75%) as
compared with group I patients (89%) .
Of the meal
deaths, 8 (31%) in group I and 15 (60%) in
Figure 1
. Kaplan-Meier life-table analysis comparing probability of
survival among residents of Olmsted County . Minnesota who un-
derwent carotid endarterectomy during the period 1970 to 1988 with
that of the age- and gender-adjusted 1980 Minnesota white popula-
tion .
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Figure 2. Kaplan-Meier life-table analysis comparing probability of
survival among residents of Oteested County . Minnesota who un-
derwent carotid endarterectomy during the period 197010 1988 with
that of the age- and gender-adjusted 1980 Minnesota white popula-
tion . Upper panel, Patients without evident coronary artery disease
(no CADI. Lower panel, Patients with overt coronary artery disease
(CAD),
group 2 were of cardiac origin (p = 0.04) ; the number of
deaths due to stroke was similar in these two groups (3 vs . 1 ;
p = 0 .32)
. Because of the small number of patients under
observation, life-table analysis was not performed for group
3 .
Long-term cardiovascular event risk . Kaplan-Meier life-
table estimates of the probability of cardiac event-free sur-
vival (Fig . 3) revealed a marked disparity in outcome be-
tween groups I and 2
. The cumulative incidence of an
important cardiac event (cardiac death, myocardial infarc-
tion . coronary revascularization, pulmonary edema or ven-
tricular tachycardia) at 8 years after carotid endarterectomy
was 61% for group 2 patients but only 25% for group I
patients (p < 0
.00011- When revascularization (coronary
artery bypass graft surgery or coronary angioplasty) was
excluded as a cardiac event, the incidence of cardiac end
points was still significantly greater in group 2 (p = 0 .0005)
.
Only two patients (both in group 2) had pulmonary edema or
ventricular tachycardia as their sole cardiac end point
. Of
the 23 surgical and 4 percutaneous coronary revasculariza-
(ion procedures performed after carotid endarterectomy
(Table 2) . 4 were performed for acute myocardial infarction,
21 for unstable or recently accelerated anginal symptoms
and 2 for severe ischemia on a functional cardiac test
.
1n contrast to the frequency of cardiac events after
carotid endarterectomy, the incidence of stroke was small
.
Six patients (3%) experienced stroke within the 1st 30 days
after the procedure (Table 1) . Five of the perioperative
strokes were ipsilateral to the side of the endarterectomy .
After the 30-day perioperative period, only nine strokes
occurred . Two of these nine strokes were ipsilateral to the
side of the endarterectomy . whereas seven occurred on the
1970 to 1988
Group I Group-' Group 3 Total
No. 7 No . % No . h No. 7
Total group 93 100 64 I00 20 100 177 100
Myocardial infarction - 3 0 0 4
Vermiculartachycordis I 3 5 2 10 6 3
Cardiac arrest I 1 2 0 U 2 I
Nt.ary edema I 1 1 2 0 0 2 1
PTCA or CABG 0 0 1 I 5 I
Transient ischemic I I I 2 0 U 2
I
attack
stroke 3 2 3 1 5 6 3
Death 3
3
0 0 0 0 3'
Ptiems with v I event 7 8 9
14 4 20 20 I I
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Years after carotid endarterectomy
Figure3. Kaplan-Meier life-table analysis comparing probability of
survival free of s cardiac event among residents of Olmsted County .
Minnesota who underwent carotid endarterectomy during the period
1970 to 1988 in group I loo evident coronary artery diceavet and
group 2 (over( coronary artery disease( . Cardiac even( = cardiac
death, myocardial infarction, pulmonary edema, ventricular tachy-
cardia
,
coronary artery bypass sure°ry or coronary angioplasty,
contralateral side. Including perioperative strokes and all
strokes in the postoperative period, the cumulative inci-
dence of stroke was 17% at 10 years after carotid endarter-
ectomy (p = 0.004. observed versus expected) (Fig . 4).
Analysis of risk factors for death and cardiac events . The
association of various risk factors present at the time of
operation and subsequent death or occurrence of significant
cardiac events after carotid endarterectomy was examined
by utilizing the Cox proportional hazards model (Table 3) .
Univariable analysis identified age and a history of smoking
or cancer as statistically significant (p s 0.05) predictors of
survival . Age, coronary artery disease
. hypertension and
diabetes mellitus were significant predictors of subsequent
cardiac events in the univariable analysis .
In the malrivariable analysis . age (hazard ratio for 10-
year increase 2 .14 ; 95% confidence interval 1 .57 to 2 .90) was
the only significant (p < 0 .05) independent predictor of
death, although diabetes (hazard ratio 1 .86 ; 95% confidence
Table 2. Distribution of All Postoperative Cardiac Events
Through July t, 1989 Among Olmsted County Residents Who
Underwent Carotid Endarterectomy During the Period
1970 to 1988
Definitions and abbreviations as in Table I .
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Figure 4. Kaplan-Meier life-table analysis comparing probability of
vat free of stroke (observed us . expected( among residents of
)lmsted County
. Minnesota who underwent carotid endarterec-
tomy during the period 1970 to 1988 with that of the age- and
sander-adjusted 1980 Minnesota white population (p
-
0.004) .
interval 0
.98 to 3.551 was also strongly associated with
survival . Coronary artery disease (hazard ratio 3 .43; 95%
confidence interval 1 .99 to 5.89) and diabetes mellitus (haz-
ard ratio 2
.04: 95% confidence interval 1 .14 to 3 .68) were
independent predictors of cardiac events (Table 31
.
Discussion
Summary of current study .
The current study offers
several advantages in the interpretation of follow-up data
related to carotid endarterectomy. Follow-up was 100%
complete and by utilizing a well defined . community-based
cohort. important sources of bias are avoided (30). In
addition, variability in practice patterns and differences in
regional utilization rates for carotid endarterectomy (31) are
minimized . Similarly, all patients had immediate access to
follow-up care at the operating institution .
In the current population-based cohort, patients with
overt coronary artery disease had a perioperative myocar-
dial infarction rate of 3% and a case fatality rate of 0% .
These rates were not statistically or clinically different from
those experienced by patients with no clinical evidence of
coronary artery disease . These data suggest that carotid
endarterectomy without prior myocardial revascutarization
can be undertaken without substantially increased perioper-
ative risk among patients with stable coronary artery dis-
ease . However, the possibility of a type 11 error (secondary
to sample size and low end point rates) cannot be ruled out .
In this regard, our study had a 76% power to detect a
threefold increased isk among patients with coranarv artery
disease of any major perioperative event (Table 1) . given a
two-sided type I error of 0.05 and a risk of 8% for any such
es'rnt within 30 days of operation among patients without
coronary artery disease
.
The current study clearly establishes complications of
coronary artery disease rather than stroke as the leading
Group I Group 2
	
Group 3 Total
No. 9 No. .r No. 9 No. 17,
Cardiac death 8 9 15 23 . 30 211 16
Myocardial infarction 13 14 20 31 5 2S 38 21
CABG or PTCA 4 4 19 30 4 20 27 15
Pulmonary edema 4 4 I I 1 5 12 7
Vrnvicalaetachysardia 3 3 9 14 3 15 15 8
Patients with as event 7 8 9 14 4 20 20 II
m
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Croap 1 . n=e3 e2
c pzn=u 48
69
36
58
30
49
23
41
13
30
10
21
7
18
5
13
4
9
3
Years after carotid endarterectomy
1258
	
RIHAL ET AL.
CORONARY MORBIDITY AFTER CAROTID ENDARTERECPOMY
JACC V.I . 19, No. 6
May 1992 :1 254-611
cause of late mortality and morbidity after carotid endarter-
ectomy (49% vs . 7% of all deaths, respectively) . Although
we were able to identify, on the basis of clinical character-
istics, subgroups with divergent risks for long-term com-
plications, significant numbers of cardiac complications,
including death, also occurred in patients without sympto-
matic coronary artery disease . Therefore, the stratification
of patients into groups with (group 2) and without (group 1)
coronary artery disease purely on the basis of clinical and
rest electrocardiographic criteria was probably incomplete .
Because there is evidence (32-34) that 15% to 35% of
patients with cerebrovascular or peripheral vascular disease,
but without cardiac symptoms, will manifest myocardial
ischemia on noninvasive testing and because carotid ather-
osclerosis is independently associated with coronary artery
disease (35), the employment of noninvasive tests should
help minimize misclassification of wronary artery disease
status, thereby enhancing the ability of clinicians to predict
which patients are at highest risk of long-term cardiac
complications . In our series the majority of operations were
performed before such tests were widely available . As a
result, only 11% of patients had preoperative functional
cardiac evaluation and only a single group 2 patient was
identified solely on the basis of a positive noninvasive test
(that is, was otherwise asymptomatic).
Clinical implications for patients undergoing carotid end-
arterectomy . In the current study, rates of perioperative
cardiac complications were acceptably low both in patients
with and in patients without evidence of stable coronary
artery disease. Therefore, routine preoperative cardiac
stress testing in patients with stable disease cannot be
recommended on the basis of our data . In contrast, the
presence of coronary artery disease in patients undergoing
elective abdominal aortic aneurysmectomy implies a signif-
icantly higher risk of perioperative myocardial infarction and
death (36), necessitating a full cardiac evaluation before
operative . However, coronary artery disease was by far the
single most important cause of late morbidity and mortality
in our patients . Therefore, at some point during the course of
their care these patients should undergo a functional cardiac
assessment to define their long-term prognosis .
Patients with unstable symptoms of coronary artery dis-
ease or recent myocardial infarction should be considered at
high risk of perioperative myocardial infarction (37-39) .
Because noninvasive testing may be contraindicated in such
patients, they should be evaluated with coronary angiogra-
phy (40) . Then, if these procedures are indicated, selected
patients may undergo myocardial revascularization with an
acceptably low risk of perioperative stroke (41,42) followed
by carotid endarterectomy .
Patients wade both unstable cctaaty artery disease and
unstable cerebrovascular disease are encountered infre-
quently and represent a special challenge. Clearly, the
status of these patients should also be evaluated with coro-
nary angiography before surgical treatment is recommended .
Although combined coronary and carotid artery surgical
JACC Vat. 19 . Nn . 6
May 1992:1254-60
procedures performed by experienced surgical teams have
been advocated (40 .42
.43) for such patients . we believe the
current data are insufficient to support firm conclusions and
care must be individualized .
The longitudinal cardiac eralunlinn u( the pat sot with
eerehrornsetdar disease hears special ernphasi
.s . In our
study excess morbidity and mortality due to coronary artery
disease became evident 3 years after carotid endarterectomy
and increased over the follow-up period . Therefore, physi-
cians should consider carotid atherosclerosis as a lifelong
marker for potentially lethal coronary artery disease and
monitor their patients accordingly. In all patients aggressive
treatment of risk factors including smoking, hypertension
and hypercholesterolemia is mandatory . The importance of
diabetes as an independent predictor for cardiac events in
our series underscores the systemic nature of atherosc lerotic
disease .
Finally . we believe that current recommendations regard-
ing the evaluation of extracranial cerebrovascular disease
and selection of patients for surgical management 117-19,441
should include specific statements detailing the lifelong risks
of premature death and morbidity from concomitant coro-
nary artery disease . The early recognition and treatment of
coronary atherosclerosis in these patients may have impor-
tant effects on long-term survival and therefore on the
likelihood that patients will benefit from .:arotid endarterec-
tomy.
We thank Cynthia Crowwn for computer programming . Sandra Buehlcr and
Denise Van Ruler for manuscript preparation, and Nicolee C. Fade and Kim
Jones for assistance in data collection and compilation .
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